Brown-Sequard syndrome (BSS) and Brown-Sequard-plus syndrome (BSPS) are characterised by asymmetrical paresis with hypalgesia more marked on the less paretic side. This study examined the clinical features of 38 patients (30 males and 8 females; mean age =32 years) with traumatic cervical BSS or BSPS who underwent comprehensive in patient rehabilitation. Twenty two injuries were caused by road traffic accidents, 8 by penetrating injuries, 5 by diving injuries, and 3 by other causes. After an average of 35 days in acute care and 79 days in rehabilitation, 37 patients had increased muscle strength, all 38 patients improved functional abilities, 29 patients walked independently, 34 had spontaneous bladder emptying, 36 were discharged home, and 14 were employed. Statistically significant increases (p<O·OOl) were made in modified Barthel index functional scores between admission and discharge. Patients with BSPS had a better prognosis than did those with 'pure' BSS. Patients with predominant upper limb weakness had more favourable outcomes than did those with predominant lower limb weakness. Few other potentially predictive demographic, injury, or neurological factors were associated with functional outcome. Patients with BSS or BSPS generally have a good prognosis for neurological and functional improvement.
Braakman and Penning, 1976; Cushing, 1898; Cabezudo et al., 1980; Gentleman and Harrington, 1984; Holmes, 1915; Koehler and Endtz, 1986; Lipschitz and Block, 1962; Little and Halar, 1985; Peacock et al., 1977; Preston, 1896; Rand and Patterson, 1929; Taylor and Gleave, 1957) have documented pathological, aetiological, and clinical features in patients with this syndrome. However, only a limited number of patients have the 'pure' form of Brown-Sequard syndrome (BSS). Much more common is the constellation of findings described by Taylor and Gleave (1957) and by Braakman and Pennington (1976) ; 'Brown-Sequard-plus syndrome (BSPS) consists of asymmetric paresis with hypalgesia more marked on the less paretic side. Exact estimates of the frequency with which this condition occurs are difficult to determine, but syndromes of the 'Brown-Sequard' type probably account for about 2-4% of all traumatic spinal cord injuries (Bohlman, 1979; Bosch et al., 1971) .
The prognosis of functional motor recovery following the onset of these syndromes is generally considered good (Bosch et al., 1971; Little and Halar, 1985; Taylor and Gleave, 1957) . However, detailed empirical clinical data describing neurological, medical, and rehabilitation outcomes of patients with traumatic cervical BSS or BSPS are sparse. In order to evaluate more fully the clinical and prognostic features of this syndrome, demographic, neurological, and functional characteristics of 38 patients with traumatic cervical BSS or BSPS who underwent comprehensive inpatient rehabilitation were examined and their course of recovery was studied.
Methods

Patients
The study sample consisted of 38 patients who sustained spinal cord trauma resulting in asymmetric weakness with sensory deficit more marked on the less paretic side, who completed inpatient rehabilitation, and who underwent follow-up for at least 6 months after discharge.
Procedures
The complete medical records of all patients were reviewed. Demographic data included age, gender, race, educational level, marital status, and employment status at injury. Injury data included aetiology of injury, frequency and types of associated injuries, presence of cervical spine fracture, spinal stabilisation method, and duration between injury and rehabilitation admission.
Neurological data were determined by a review of admission and discharge manual muscle test results. Rehabilitation and follow-up data included length of rehabilitation stay, discharge location, follow-up employment status, occurrence and types of complications, methods of urinary tract management, and method of bowel regulation.
Functional data at rehabilitation admission and discharge were assessed using the Modified Barthel Index (Granger et al., 1979; Mahoney and Barthel, 1965; Yarkony et al., 1987) .
Data analysis
Descriptive statistics were used to characterise the study sample. Student t-tests were used to compare admission and discharge MBI scores and subscores. Chi square analysis and Fisher's Exact Test were used to compare admission and discharge fr equencies of independence in the performance of each of the 14 functional tasks on the MBI.
Nine specific outcomes--Iength of rehabilitation stay, occurrence of medical complications during rehabilitation, discharge location, employment status at follow-up, discharge bladder continence status, discharge ambulatory status, discharge MBI self-care subscore, discharge MBI mobility subscore, and discharge MBI total score-were compared between patients with pure BSS and those with BSPS using Chi-square analysis, Fisher's exact test, or Student t-tests.
Relationships were evaluated between each of 14 independent variables and each of the 9 dependent outcome measures using standard statistical methods.
Results
Demographic characteristics
The mean (±s.d.) age of the 38 subjects was 32·1±14·1 years, with a range between 15 and 73 years. There were 30 (79%) males. Twenty five (66%) patients were white, 10 (26%) were black, and 3 (8%) were Hispanic. The mean educational level was 12·0±2·6 years, with a range between 8 and 20 years. At the time of the injury, 26 (68%) patients were employed, 6 (16%) were students, and the remainder were unemployed or retired. Nineteen (50%) were single, 15 (39%) were married, 3 (8%) were divorced, and 1 was widowed.
Injury characteristics
SCIs were caused by road traffic accidents in 22 (58%), penetrating wounds in 8 (21 %; 6 bullet and 2 stab wounds), diving in 5 (13%), and other causes in 3. Twenty nine (76%) patients sustained cervical vertebral fractures; 4 also had thoracic or lumbar fractures. Fifteen (39%) sustained a concurrent closed head injury, with loss of consciousness and/or post -traumatic amnesia at the time of the SCI. Seventeen (45%) had other associated injuries; these included extremity fracture (4), skin laceration (4), hemopneumothorax (3), hemidiaphragm paralysis (3), rib fr acture (2), liver injury (1), and cardiac arrest (1).
The mean duration between injury and rehabilitation was 34·9±28·6 days, with a range between 6 and 145 days. Twenty one patients underwent surgical stabilisation of cervical spine fractures. Twenty nine medical complications occurred during the acute hospitalisation in 22 (58%) patients; the most common were urinary tract infections, pneumonias, other infections, and dysesthetic pain.
Neurological characteristics
All patients were admitted to and discharged from rehabilitation with incomplete cervical SCIs. Five had pure BSS (caused by road traffic accident in 2, gunshot wound in 2, and diving in 1. The remaining 33 patients had BSPS. Admission Frankel Grades were B in 1 and D in 37; discharge Frankel Grades were D in all 38 patients. Neurological levels were C3 in 1 patient, C4 in 19, C5 in 5, C6 in 5, C7 in 5, and C8 in 3. The predominant side of weakness was right in 18 and left in the remainder. Weakness was predominant in the upper extremity in 20 patients, and in the lower extremity in 18. Neurologic improvement was noted during the rehabilitation hospitalisation in 37 patients.
Rehabilitation and follow-up characteristics
The mean length of rehabilitation stay was 79'3±46'0 days (range 2l-213 days). Following rehabilitation, 36 patients went home; at follow-up, 37 (97%) were living at home. Fourteen (37%) were working or in school at follow-up.
During rehabilitation, 29 patients experienced 44 medical complications; the most common were urinary tract infection and dysesthetic pain. During follow-up, 13 patients experienced 17 significant complications; the most common were severe spasticity and dysesthetic pain.
Bowel and bladder status on admission and discharge is shown in the Table. At discharge, no patients required an indwelling urethral catheter or had bowel incontinence.
Functional characteristics
Statistically significant (p<O'OO 1) improvements were made during rehabilitation in mean modified Barthel index (MBI), self-care subscores, mobility subscores, and total scores (Fig. 1) . In addition, statistically significant increases (p<0'0001) were noted between admission and discharge in the proportions of patients who were able to complete independently each of the 8 self-care tasks and the 6 mobility tasks of the MBI (Fig. 2 and 3) . At discharge, 18 (47%) patients were able to perform all 14 of the MBI tasks independently at discharge.
Comparison between BSS and BSPS patients
Compared to the 5 patients with 'pure' BSS, the 33 patients with BSPS had significantly shorter lengths of rehabilitation stay (68'9±39'9 vs. 142'4±46'8 days; t=3·76) p<O·OOOl), a greater frequency of independent ambulation (8S% vs. 20%; X2=6·83; p<O·Ol), a greater mean MBI self-care subscore (SI·9±2·8 vs. 47·2±2·2; t=3·S8; p<O'OOl), a greater mean MBI mobility subscore (44·6±S·7 vs. 26'0± 12·6; t=S·67; p<O·OOOI), and a greater mean MBI total score (96·S±7·2 vs. 73·2± 14·2; t=S·87; p<O·OOOl). There were no differences between BSS and BSPS groups with respect to complication fr equency, discharge bladder status, discharge location, or follow-up employment status.
Predictors of outcome characteristics
Only 6 of 126 possible associations between the 14 potential predictor variables and PERCENT INDEPENDENT Figure 3 Proportions of patients who were independent in 6 mobility skills.
the 9 outcome variables were statistically significant. Patients who were discharged home had greater mean educational levels than were those who were discharged to nursing homes (t=7'0; p<O·OOOl). Patients whose injuries resulted from road traffic accidents were more likely to be employed at follow-up than were those who were injured by other means (X2=3'9l; p<O·OS). Patients who underwent surgical cervical spinal stabilisation tended to have shorter lengths of rehabilitation stay (t= 2'5; p<O·OS). The most important predictor of fu nction was whether the upper or lower limb was the predominant site of weakness; when the upper limb was weaker than the lower limb, patients demonstrated a greater likelihood of walking at discharge (X2=4'2S; p<O'OS), greater discharge MBI mobility subscores (t=2'S; p<O'OS), and greater discharge MBI total scores (t=2'3; p<O·OS). None of the other potential predictive factors was significantly associated with any of the other outcome measures.
Discussion
The purpose of this study was to conduct a comprehensive examination of patients with partial or complete trauma-induced cervical spinal hemiplegia. Prior authors have described clinical fe atures of this syndrome, but often with a different focus from the one in this investigation (Taylor and Gleave, 1957; Bosch et al., 1971; Little and Halar, 1985; Cabezudo et al., 1980; Cushing, 1894; Gentleman and Harrington, 1984; Holmes, 1915; Lipschitz and Block, 1962; Peacock et al., 1977; Preston, 1896; Rand and Patterson, 1929; Koehler and Endtz, 1986) . In this report, the broad ranges of backgrounds and injury types indicate that this syndrome does not have a uniform presentation. The paucity of patients with stabwounds as a cause of partial or complete spinal hemisection is of note because this syndrome traditionally has been associated with penetrating injuries (Lipschitz and Block, 1962; Peacock et al., 1977) . However, the relative rarity of stabwound induced SCI has been noted in the past (Cabezudo et al., 1980; Gentleman and Harrington, 1984; Koehler and Endtz, 1986; Rand and Patterson, 1929; Guttman, 1973) . A variety of aetiologies, including those which result in closed spinal injuries with or without vertebral fractures, may cause BSS. As a consequence, the SCI may be associated with injuries in other organ systems.
Despite this variation in presentation, considerable consistency was found in the prognosis of BSS and BSPS. Sizeable proportions of patients made neurologic recovery (nearly all), improved functional abilities (all), ambulated independently at discharge (three-fourths), independently performed their functional skills at discharge (at least two-thirds), achieved bladder and bowel continence by dis charge (nearly all), were discharged home (nearly all), and even regained employ ment (one-third).
The general expectation of neurological and functional recovery has been noted by other authors, who focused primarily on motor recovery (Bosch et at., 1971; Little and Halar, 1985; Taylor and Gleave, 1957) . In this investigation, evaluation of motor function was supplemented by examination of sphincter control and of the ability to complete daily living skills. This is the first study to apply a standardised systematic functional assessment instrument to patients with BSS.
In the present study, only a small proportion of the sample (13%) had the 'pure' or classical syndrome with complete hemiplegia and contralateral hemianesthesia. Some measures of outcome were found to be significantly less favourable for this group than for the BSPS group. This fIDding is in contrast to the assertion by Koehler and Endtz (1986) , who stated that pure BSS might be expected to have a better prognosis than BSPS because both lower extremities are paretic in the latter condition.
While SCI has been described as 'one of the most devastating calamities of human life ' (Guttmann, 1973) , patients who have BSS or BSPS generally can be expected to have favourable neurologic and functional outcomes after rehabilitation. This study has demonstrated that all patients with these particular syndromes have the potential for excellent outcomes and for a return to near pre-injury lifestyles.
